This paper presents a method for the design modification of a damaged free-fall lifeboat (FFLB) through the results of a skid-launching free-fall test in the following phases: sliding, rotation, free-fall, and water entry. In the water entry phase, the damage to the FFLB is remedied structurally by reducing the top deck impact area and impact pressure and by increasing the modular factor of the roof deck in order to modify the structure of the deck and its shape. Thus, it can be seen that the proposed method can be applied to improve the existing design of the FFLB.
INTRODUCTION
Over the last few years, free-fall lifeboats (FFLBs) have become popular due to the fact that many life-threatening accidents have occurred with conventional lifeboat systems. Most of the accidents happened either during launching or after lowering the boat into rough seas in high wind. During the lowering, the lifeboat may hit the sides of the distressed vessel, causing structural damage and injury to persons (crew and passengers) that may be severe enough to cause death. It is very difficult to launch a conventional lifeboat if the parent vessel has a severe list or if the falls become tangled. After splashdown, the lifeboat may be unable to move away from the distressed vessel if high seas and winds continually push the lifeboat toward the parent vessel. The inability to move away may be due to lack of engine power or, even worse, damage to the propulsor. These situations are exacerbated by fire or potential for explosion. Many of the risks associated with conventional lifeboat systems have been reduced by the FFLB system. These problems are minimized with the FFLB because it is not lowered into the sea. The FFLB falls freely into the sea, generating kinetic energy as it does so. The kinetic energy that is developed helps to propel the lifeboat away from the distressed vessel during and immediately after water entry. The FFLB moves away from the danger even without engine power.
In accordance with the International Maritime Organization (IMO) Safety of Life at Sea (SOLAS), ships must be equipped with lifesaving appliances (i.e., lifeboats, life rafts, etc.). The purpose of this regulation is to help crew and passengers with means of escaping a distressed ship in the event of an accident. SOLAS classifies lifeboats into conventional and free-fall types (IMO, 1974) . Under this regulation, offshore structures (float-ing production storage and offloading (FPSO), semi-submersible rig, and drill ship), bulk carrier (BC), product carrier (PC), and pure car and truck carrier (PCTC) should use the free-fall type of lifeboat. However, in the oil industry, some jurisdictions (e.g., Norway) require the FFLB to be used, while others (e.g., Canada, United States, etc.) do not. Additionally, container carrier, liquefied natural gas carrier (LNGC), very large crude oil carrier (VLCC), and crude oil tanker (COT) should use the conventional type of lifeboat. After July 1, 2014 (refer to IMO Resolution MSC. 320(89)), it is mandatory to place a free-fall type lifeboat on bulk carriers, since this type of lifeboat has some advantage due to shortening evacuation time and effective usage of living quarters in accordance with boarding test standards (IMO, 2011) . Therefore, the usage of the free-fall type of lifeboat has steadily increased.
In this paper, we present the overall procedure for the design modifications of a damaged FFLB to reduce the impact pressure during water entry through full-scale free-fall tests. We performed free-fall tests for the lifeboat of a ship, representative of current construction, and confirmed that the original FFLB was damaged by the impact during the water entry phase. To prevent this kind of damage, we modified the deck shape of the FFLB, reducing the impact pressure during the water entry phase.
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